Prospective ultrasonographic study of blood flow and testicular volume in patients submitted to surgical repair of inguinal hernia without using prosthesis 1
In the epididymis, chronic inflammation and dilation of the seminiferous tubules were observed in 70%. In the vas deferens, a chronic inflammatory process was observed in 60% of the dogs. No histological changes were found on the contralateral side. Protasov et al. 7 when studying rats, observed thickening of the mucosa and the wall of the vas deferens with mesh implants and found association with infertility.
It is not always possible to establish exactly the limits between the adverse effects caused by the mesh or the surgical manipulation. The study of testicular vascularization is an area of interest in the surgical correction of inguinal hernia. Among the reported complications resulting from surgical treatment, the evaluation of infertility after the use of prosthesis requires studies about testicular vascularization and function, as well as the assessment of the ductility of the vas deferens, that is, dysfunctions in postsurgical fertility in the correction of inguinal hernias are a fact well reported in the literature and are based basically on two pillars: vascular lesion with repercussions on the testis and lesion of the vas deferens.
According to Lima Neto et al. 8 , there are no changes in testicle size or testicular arterial flow with the use of a mesh in the correction of inguinal hernia. No studies were found on possible changes in testicular size and arterial flow in patients submitted to hernia repair without prosthesis, especially when considering interventions performed with the simple treatment of the hernia sac and interventions with posterior wall reinforcement without implantation of prosthesis, therefore, with only surgical manipulation when prosthetic material is not implanted.
Palabiyik et al.
■ Introduction
Inguinal hernia is a condition that affects the population with great frequency. According to a National Center for Health Statistics study, approximately 800.000 inguinal hernias are operated on a yearly basis in the United States.
Among the different techniques of surgical approach to inguinal hernia, a relevant benchmark came with the introduction of synthetic prostheses in the 1990s, with a direct impact on the results and consequently on patient satisfaction. Considering the simultaneous repair of more than one hernia in the same patient, it is reported that in the United States more than one million prostheses are implanted every year. The tension-free technique with mesh implants dramatically reduced recurrence rates in all types of hernias when compared to traditional repairs through sutures and tissue overlap. The technique also allows the reconstruction of large defects of the abdominal wall, previously considered untreatable 1 . If, on the one hand, the repair of defects of the abdominal wall is one of the most common procedures performed by the general surgeon and the use of a prosthesis for correction is a safe procedure, its use is not without complications: hematomas and seromas may be present 2 , as well as recurrence and infection
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. The incorporation with the surrounding tissues and the adhesions are directly related to the materials used 4 . As a complication, chronic pain may be incapacitating and may even require surgical approach
The adhesion caused by the mesh as well as infertility cases that followed its implantation, opened a wide field of research: Goldenberg 6 implanted a mesh unilaterally in 10 dogs and demonstrated focally in the testicle a decrease in spermatogenesis and degenerative process in 20% of the animals. the use of a prosthesis). They concluded that surgical manipulation performed in inguinal hernia operations in children causes transient alterations in the vascularization of the testicles in the immediate postoperative period, but return to normal in the late postoperative period.
Overall, the literature review shows a correlation between the inflammatory process caused by the mesh and the repercussion on the vas deferens and contiguous structures. At the same time, the circulatory changes when present appear to be transient after the application of prosthetic material.
Could the surgical manipulation of the inguinal region without the use of a foreign body cause regional inflammatory reaction to interfere with testicular vascularization and be detected by Doppler ultrasonography? Were adverse effects being attributed to the prosthesis, whereas, in fact, they would be from the surgical manipulation?
Therefore, this study aims to evaluate the arterial flow and testicular volume in patients submitted to surgical repair of inguinal hernia without prosthesis.
■ Methods
The clinical trial protocol was approved by the Research Ethics Committee of UNIFESP (nº 1544/05).
We prospectively studied 26 patients from Hospital de Força Aérea do Galeão, Rio de Janeiro, from March 2006 to January 2008.
Initially, 42 patients were assigned, but 16 were excluded from the study. Three patients presented complications at the operative site, while four did not adequately attend the postoperative evaluation. In addition, nine patients were excluded during surgery, when it was found, during the dissection, that they did not have Nyhus I or II hernias, thus requiring the use of prostheses. Twenty-six patients remained in the study.
In all patients, preoperative evaluations and color Doppler examinations were performed at Hospital de Força Aérea do Galeão by the same operator. Surgical interventions were performed by the same surgeon, with the same surgical and anesthetic technique being strictly followed, although the anesthesiologist was not the same in all cases, but everyone knew that it was a scientific study and, therefore, employed the same technical rigor. The characteristics of the sample are shown in Table 1 : Inclusion criteria were male patients, aged between 16 and 33 years, and patients with unilateral inguinal hernia -Nyhus I and II. Patients with femoral hernia, bilateral hernia, other associated hernias, testicular diseases, previous surgery on the inguinal region, varicocele, incarcerated or strangulated hernia, previous surgery on the testicle, scrotum or prostate were excluded. Also excluded were patients who underwent pelvic radiotherapy, patients with diabetes, hypertension, chronic or venous arterial disease, past abscess in the inguinal region, cognitive alterations and psychiatric disorders, as well as complications occurring at the operative site such as hematoma, seroma or infection.
Doppler Ultrasonography was performed preoperatively and postoperatively on both the operated side and the contralateral side (control), according to Figure 1 .
The systolic peak velocity (SPV), diastolic peak velocity (DPV), resistance index (RI), and pulsatility index (PI), in addition to the testicular volume (TV) were assessed on both sides. The trans-testicular artery was identified (Figure 2 ), the testicle parenchymal flow was assessed (Figure 3 ), and the testicular artery was identified one centimeter from the upper pole of the testis with the transducer angled at 60 degrees, when waveforms compatible with the arterial flow were obtained ( Figure 4 ). The testicular volume was measured by multiplying the 3 dimensions of the largest axes in cm, whose result was later multiplied by a constant 0.52 ( Figure 5 ). Systolic peak velocity (SPV) was considered to be the rate of blood flow in the systole at the center of the artery assessed in cm/s and the Diastolic Peak Velocity (DPV), the velocity of blood flow in the diastole at the center of the artery, also expressed in cm/s.
The resistance index (RI) was obtained by subtracting the Systolic Peak Velocity by the Diastolic Peak Velocity and the result divided by the Systolic Peak Velocity (RI=SPV-DPV/SPV).
The mean velocity (MV) was calculated by dividing the Systolic Peak Velocity by the Diastolic Peak Velocity (MV = SPV / DPV).
The Pulsatility Index (PI) was defined by the subtraction of the Systolic Peak Velocity by the Diastolic Peak Velocity and the result divided by the Mean Velocity (PI = SPV-DPV/ MV).
Surgical considerations
• Epidural anesthesia • Access in the inguinal region through a 5-cm oblique incision from the bisector of the angle formed by the lateral border of the rectus abdominis muscle and the inguinal ligament as a reference point.
• Dieresis in planes.
• Access to the inguinal canal with identification and preservation of its elements.
• Treatment of the indirect hernia sac ( Figure  6A ).
• Framing in the Nyhus Classification.
• Reinforcement of the rear wall as per Modified Bassini ( Figure 6B ). 
Statistical analysis
The data obtained in this study were analyzed using: a) Tables, arithmetic means, medians, standard deviations, minimum and maximum values; b) Mann-Whitney non-parametric test, for comparison of the values of the Treated and Control groups for the variables under study, at the pre, 3-month and 6-month timepoints. c) Friedman's non-parametric test, for comparing the pre, 3-month and 6-month timepoints, for the variables selected for the study.
In the application of the statistical tests, a level of significance of 5% of probability (P<0.05) was used to verify statistically significant differences.
The SPSS Software was used to perform data analysis.
■ Results
There is no significant difference between the pre, 3-month and 6-month timepoints in relation to the systolic velocity, on the operated and control sides ( Table 2) . Figure 7 shows the time course of systolic velocity on both sides. Prospective
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There is no significant difference between the pre, 3-month and 6-month timepoints in there There is no significant difference between the pre, 3-month and 6-month timepoints in relation to the diastolic velocity on the operated and control sides (Table 3) . n.s Figure 8 shows the temporal evolution of the diastolic velocity on both sides. Prospective
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There is no significant difference between the pre, 3-month and 6-month timepoints in relation to the resistance index, on the operated and control sides (Table 4) . n.s n.s=non significant Figure 9 shows the time evolution of the resistance index on both sides. Prospective ultrasonographic study of blood flow and testicular volume in patients submitted to surgical repair of inguinal hernia without using prosthesis David CS et al. Table 5 also shows no significant difference between the pre, 3-month and 6-month timepoints in relation to the pulsatility index on the operated side or on the control side. Figure 10 shows the temporal evolution of pulsatility on both sides. Prospective ultrasonographic study of blood flow and testicular volume in patients submitted to surgical repair of inguinal hernia without using prosthesis David CS et al. Table 6 shows no significant difference between the pre, 3-month and 6-month timepoints in relation to the testicular volume, on the operated and control sides. Figure 11 shows the temporal evolution of testicular volume on both sides. Prospective ultrasonographic study of blood flow and testicular volume in patients submitted to surgical repair of inguinal hernia without using prosthesis David CS et al.
■ Discussion
Undoubtedly, the use of prosthesis in the inguinal hernias reduced the relapse rates in 10 to 15% with the Bassini technique and variants to less than 5% after the implantation of the prostheses 10 . However, almost all studies dealing with recurrence do not consider in isolation the different types and classifications of inguinal hernias. The tendency to relapse an indirect inguinal hernia that has been operated only with hernia sac treatment may be different from a direct hernia with destruction of the posterior wall of the inguinal canal. At first, there is no scientific justification for treating different defects with the same operative technique.
The classification schemes for the repair of hernias are important instruments of standardization in the dissemination of these results. They allowed a standardization in the registry of hernias of the inguinal region, enabling the scientific communication and development of works, selecting groups of homogenous patients. The Nyhus classification allowed for uniformity in the approach of the inguinal-femoral hernias 11 . It takes into account the dimensions of the internal inguinal ring and the state of the posterior wall of the inguinal canal that are verified during surgery. The classification proposed by Gilbert in 1986 is based on the anatomical and functional defects observed in the intraoperative period.
Operating inguinal hernia those days without using a prosthesis leads many surgeons to think that the patient will be harmed, since the use of the mesh in addition to being widespread, is currently considered by many surgeons as an indispensable material for the surgical procedure. However, when considering its possible deleterious effects, it is observed concomitantly that there is scientific justification in the literature for not applying mesh in all cases of inguinal hernia.
In the selected cases, there are low rates of relapse without the use of a prosthesis, and it is possible to treat different defects with appropriate techniques for each case.
There are other justifications for not using mesh in all cases of inguinal hernia repair. Haastrup et al. 12 investigated the rates of reoperation after repair of indirect inguinal hernia by conventional technique with and without prosthesis in young male patients and in other age groups. Based on the finding that younger patients are at greater risk of developing chronic pain after conventional inguinal hernia repair with prostheses, compared with older patients, prosthesis avoidance in young patients may be justified, provided there is an acceptable risk of recurrence in comparison with other groups and with the Lichtenstein repair. The reoperation rate for the group of young patients aged 18-29 years without prosthesis was significantly lower compared to all other age groups.
Even today hypotheses exist about the cause of damage to the vas deferens during surgeries for correction of inguinal hernia. Khodari et al. 13 studied 69 patients with azoospermia and performed proximal surgical collection of sperm in three groups: one submitted to correction of bilateral hernia, one with risk factors for infertility and the third with unilateral hernia. They did not find a positive relation with the surgical technique used or even the use of a prosthesis. They concluded that the obstruction of the vas deferens after correction of inguinal hernia is a possible and underestimated iatrogenic event, but did not mention whether the obstruction of the duct was due to the operative technique (ligature) or loco-regional inflammatory reaction by surgical manipulation or prosthesis implantation.
Complications after correction of inguinal hernia were historically attributed to the surgery technique, blaming the inexperience of the surgeon. Adverse effects on the spermatic cord -testicular atrophy and occlusion of the vas deferens -are feared because the irritated patient, fearing his masculinity has been threatened, often resorts to legal suits. Testicular ischemia was attributed as a result of a very tight reconstruction of the internal inguinal ring. Lesions in the vas deferens may arise after inadvertent dissection of the hernia sac and may be ligated, sectioned, or devascularized. These lesions may be underestimated, since the majority of men submitted to hernia repair in the groin tend to be older, without concern for their reproductive capacity. It is added that most inguinal hernias are unilateral, which rarely causes sterility in younger patients. However, a significant minority has bilateral repairs. In addition, cryptorchidism or even epididymitis may eliminate the contralateral reproductive contribution 14 . From the works of Goldenberg et al. 6 , and Goldenberg and De Paula 15 , it was clear that the inflammatory reaction provoked by the prosthesis extends to the spermatic cord and the vas deferens in much greater intensity when compared to the simple surgical manipulation without prosthesis implantation.
Nevertheless, the topics inguinal hernia and infertility are inserted in a larger universe than one could initially imagine, encompassing countless questions, with wide field for research. The purpose of this study, when studying the repercussions on testicular circulation caused by surgical manipulation without the use of prosthesis, is actually part of the clarification within a line of research that may in the future clarify the various aspects of the relationship between infertility and correction of inguinal hernias.
This study did not find changes in the circulatory variables measured over time after intervention without the use of prosthesis, complementing the results of Lima Neto et al. 8 , who conducted a study with prosthesis implantation. It should be noted, however, that the circulatory behavior in the presence of inguinal hernia and after its correction, does not present uniform results in the literature. Although there is some divergence, there is no marked discrepancy between the results to the point of labeling them as conflicting.
Tuncer et al. 16 studied the testicular arterial flow and volume after intervention on the inguinal region without the use of a mesh in 23 children and reported that patients with inguinal hernia, cord cysts and hydrocele on the right presented a decrease in the preoperative period of the testicular arterial flow with statistical significance, but this alteration was reversed after surgery. They attributed the decreased flow to the compression of the vessels of the spermatic cord, but did not explain why this alteration did not occur to the left. Supporting this, Ozdamar and Karakus 17 recommended a conservative approach and Doppler ultrasonography follow-up in cases of testicular ischemia caused by compression due to incarcerated inguinal hernia in children, emphasizing that surgery should be performed as soon as possible for the reversal of the process.
The last two studies mentioned lead us to consider that testicular vascularization in children tends to return to normal patterns once the cause that determines their deviation has ceased. It remains to be seen whether the vascular recovery capacity is the same as in adults, which could lead, for example, to a review of the approach to cases of testicular torsion ischemia in children and young adults. This opens the door to further investigation.
Alterations are also found in the adult population and usually follow the pattern of postoperative reversibility. Bulus et al. 18 found no adverse effects on testicular perfusion at the Doppler in patients submitted to hernia repair by the Lichtenstein technique. They found, however, a statistically significant increase in mean arterial flow velocity on the side of the hernia after surgery, and this change was considered transient.
If some studies have shown that the presence of inguinal hernia causes transient decrease of the testicular arterial flow, supposedly due to a mechanical effect, it is not well understood if this alteration is more pronounced in the indirect inguinal hernia that has an intrafunicular component or in the direct inguinal hernia. In a preliminary analysis of the literature, it appears that the hernial sac volume and, consequently, its compressive capacity, has a more significant effect. In another study, there was an increase in testicular flow in the postoperative period after correction of incarcerated inguinal hernia.
The US Doppler is a good test to measure the circulatory characteristics. Usually, in the adult individual, the testicles measure 3 to 5 cm in its longitudinal axis, 2 to 3 cm in the transverse axis and 1.5 to 2 cm in the anteroposterior axis. The testicular volume was obtained by multiplying the three major axes with each other and the result by the mathematical constant 0.52, with the normal value in the adult being 15 ± 8 mL.
Systolic velocity (SPV) consists of the velocity of blood flow in systole at the center of the artery and diastolic velocity (DPV) is the velocity of blood flow in the diastole at the center of the artery.
Testicular volume is an important measure of testicular atrophy that may occur after inguinal hernia surgeries, and the testicular arterial flow is essential to maintain testicular volume and function.
The diastolic velocity is mentioned as an important parameter for the diagnosis of significant arterial occlusion. In stenosis where the vessel diameter is reduced to 70% or more, the DPV increases, but goes to zero when the occlusion is complete.
The pulsatility index is an important parameter for the evaluation of arterial stenosis. It is more meaningful for less caliber vessels.
The association of measured variables also has clinical applicability. Thus, the resistance index (RI) and the pulsatility index (PI) are inversely proportional to the testicular blood flow.
■ Conclusion
The surgical repair of inguinal hernia without the use of a prosthesis does not cause alterations in vascularization and testicular volume.
■

